The Zinc deficiency is a worldwide nutritional constraint for crop production in many types of soil, particularly in cereals growing in calcareous soil. Two field trials were conducted to study the effects of zinc fertilizer doses and application method on photosynthetic characteristics and grain yield of summer maize, from June to September . These results have important implications for guiding the rational application of Zn fertilizer and improving the grain yield of summer maize in Henan province.
Introduction
Alth Zinc (Zn) is an essential element for higher plants, and its importance in agriculture is increasingly being recognized (Genc et al., 2006) . Low Zn availability in soil is common worldwide, and Zn deficiency leads to reductions in crop yield (Cakmak et al., 1996; Rengel and Graham, 1995) . In China, 40% of soils are low in Zn (Wang et al., 1998) , especially calcareous soils in North China (Liu, 1996) . Zinc deficiency is the fifth major factor affecting human health in developing countries (Anthony et al., 2002) . Maize is one of the three major world food crops, is recognized as the "golden food" because of its high grain yield and nutrition value, and plays a very important role in the daily calorie intake of humans (WHO). Maize is one of the crops most sensitive to Zn deficiency (Mattiello et al., 2015) ; Zn deficiency hinders maize growth, resulting in decreased grain yield and quality (Behera et al., 2015) .
Zinc is important in photosynthesis and respiration, and Zn deficiency decreases the photosynthetic rate, chlorophyll content, activity of carbonic anhydrase, and protein biosynthesis (Cakmak, 2008; Kaya and Higgs, 2002; Fu et al., 2016) . Therefore, application of Zn fertilizer may be an important measure for improving the yield and quality of maize.
Suitable and proper application methods of Zn fertilizer are still unclear. It has been reported that basal Zn fertilizer may have a strong residual effect (Liu et al., 2004) , but in some soils, Zn can be fixed and is therefore not utilized by the crop (Rengel, 2015) .
Therefore, foliar application of Zn fertilizer is a better way to supply Zn to crops.
Both growth and grain yield of summer maize are closely related to the main ecological factors (e.g., light, temperature, and water availability) during the growth period (Gong et al., 2013) . Crop photosynthetic efficiency is not only influenced by the above- 
Materials and Methods

Experiment location and description of materials
Two field experiments were conducted, one in Xun 
Plant analyses
Photosynthetic parameters of maize leaves were determined using a Li-6400 Portable Photosynthesis
Analysis System (LI-COR Inc., Lincoln, Nebraska USA). Net photosynthesis rate (Pn), stomatal conductance (Gs), transpiration rate (Tr) and intercellular CO 2 concentration (Ci) of seedling leaves were measured under the following conditions: external CO 2 concentration of 400 μmol/mol supplied from a CO 2 steel gas cylinder, and photosynthetic active radiation Chlorophyll concentration in seedling leaves was determined by anhydrous ethanol extraction (Li, 2001 ).
Chlorophyll concentrations and photosynthetic parameters in the leaves from the same position (the newest fully expanded leaves and the ear leaves) were determined from 9:00-11:00 AM on a sunny day. At grain maturity, twenty maize plants were harvested and air-dried. Dry matter weight of shoots, as well as grain yield and yield components (including the number of seeds per ear and 1,000-seed weight) were determined.
Statistical analysis
All data were statistically analyzed with a two-way ANOVA procedure using the SPSS 19.0 software (Chicago, USA). The main effects and the interaction were analyzed using the F-value test. The mean values were subjected to multiple comparisons using
Duncan's-test (P <0.05). *P<0.05, **P<0.01.
Results
Effects of Zn fertilizer doses and
Effects of Zn fertilizer doses and application method on chlorophyll concentrations in summer maize leaves
Effects of Zn fertilizer doses and application method on grain yield and yield components of summer maize
Compared with no Zn fertilizer, Zn application (ei- 
Discussion
Effects of Zn fertilizer doses on photosynthesis in summer maize
Zinc fertilizer plays an important role in the photosynthetic processes (increases in chlorophyll content, net photosynthetic rate, stomatal conductance and transpiration rate) of higher plants and results in increases of leaf photoassimilates as well as grain yield of maize (Du and Zhang, 2008; Hashemi et al., 2005; Li and Liu, 2001; Simmons and Jones, 1985; Sun and Yang, 2002; Wei et al., 2005) . The findings of the aforementioned studies are consistent with those of our study. County. These results were consistent with the studies of Wang et al. (2003) and Ruffo et al. (2016) .
In Xun County, Zn applied as both basal and foliar fertilizer increased the grain yield of summer maize 
